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ABSTRACT 
 
The disparities that exist in oral health are alarming with different people 
groups being affected more severely than others. Various public health initiatives 
have been suggested as ways to help combat these disparities, one of these 
being school-based oral health programs. These programs can provide many 
services to students, including: oral health education, dental screenings and 
referrals, fluoride treatment, dental sealants, and restorative treatments. It is also 
important for programs such as these to target those areas with the greatest 
need (high percentages of untreated dental decay) but also areas where 
reimbursement from public insurance will allow the programs to remain 
sustainable. The percentage of students participating in the National School 
Lunch Program is a way to do this since it is based on family income in relation to 
the federal poverty level. The Medicaid program is also a needs-based program 
that covers the costs of healthcare for the poor. Many students eligible for free 
and reduced-price lunches are also eligible for Medicaid.  
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Boston University’s Henry M. Goldman School of Dental Medicine 
(BUGSDM) has a department which manages school-based oral health 
programs servicing the cities of Boston, Natick, Framingham, Chelsea, and 
Lawrence, Massachusetts. In this project, data from each program for the 2011-
2012 academic year was used to compare efforts, outcomes, and sustainability 
for each program, as well as gather descriptive data. This data was also used to 
determine how well the percentage of children in a school district participating in 
the national school lunch program predicts rates of untreated decay. Additionally, 
data collected from the BUGSDM’s school-based oral health programs was used 
to determine how well the percentage of children in a school district participating 
in the national school lunch program predicts enrollment in a public insurance 
program, MassHealth. Lastly, other city/town-level variables from the 2010 
census were analyzed with our data to see if any of these were better predictors 
of untreated decay and MassHealth enrollment other than participation in the 
national school lunch program. 
Using simple unadjusted linear regression, we found that 86 percent of 
variation in rates of untreated decay by city/town is explained by differences in 
school lunch participation by city/town. We also found that 91 percent of the time 
the variation in MassHealth enrollment was predicted by school lunch program 
participation by city/town. However, when comparing other city/town-level 
variables, we found that the percent of non-whites in a city/town was a better 
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predictor of the variation in MassHealth enrollment, predicting the variation 93 
percent of the time. 
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INTRODUCTION 
The importance of the health of the oral cavity is often undervalued. 
According to Oral Health in America: A Report of the Surgeon General, oral 
health is ―…much more than healthy teeth. It means being free of chronic oral-
facial pain conditions, oral and pharyngeal (throat) cancers … and scores of 
other diseases‖ (2000). Studies are now finding links between periodontal 
disease and heart disease, oral disease’s negative effect on diabetic conditions, 
and how poor oral health status of a woman can adversely affect her pregnancy 
(Khader, Dauod, El-Qaderi, Alkafajei, and Batayha, 2006; Novaes, Gutierrez, and 
Novaes, 1996; Shirmohammadi, Abdollahifard, Chitsazi, and Behlooli, 2012). 
People with poor oral health also have lower self-esteem and miss more days of 
school and work than those with good oral health (Gift, Reisine, and Larach, 
1992; Kressin, Jones, Orner, and Spiro, 2008; Special Legislative Commission 
on Oral Health, 2000). 
Often called a ―silent epidemic‖, dental caries is the most prevalent chronic 
childhood disease (Ebersole, D’Souza, Gordon, and Fox, 2012; Special 
Legislative Commission on Oral Health, 2000; United States Department of 
Health and Human Services, 2000). Seventy-eight percent of America’s children 
(age 17 and younger) have tooth decay, with half of children having at least one 
decayed or filled tooth by the age of five (Ebersole, D'Souza, Gordon, and Fox, 
2012). Dental caries in young children can cause a multitude of problems with 
delayed growth, difficulty sleeping, and poor school performance (Basch, 2011; 
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Boeira et al., 2012; Naidoo, Chikte, and Sheiham, 2001; Sheiham, 2006). A study 
conducted in Ontario, Canada, found that the more students a school had 
needing urgent dental care the more students it had performing below average in 
school (Muirhead and Locker, 2006). Likewise, parents miss work due to their 
children having poor oral health and needing to miss school (Seirawan, Faust 
and Mulligan, 2012). Because of oral health’s immediate and potential long-term 
impacts on systemic health and childhood development, as well as the impact 
poor oral health has on their parents, it is important for children to have access to 
dental prevention and treatment early in life. 
Children from minority groups, poor families, and rural or inner-city regions 
tend to have poorer oral health (Dye, Li, and Thorton-Evans, 2012; Strozer, 
Juszczak, and Ammerman, 2010). These disparities in oral health status are 
partially due to these populations having very little or no access to preventive and 
restorative dental care. In order to combat the lack of access to care and 
decrease disparities, many public health initiatives have been launched, including 
school-based oral health programs. School-based oral health programs take 
dental services directly to children in their schools who may be at high risk for 
dental decay and may otherwise have difficulty obtaining care.  
 
Specific Aims 
The purpose of this project is to evaluate Boston University Goldman 
School of Dental Medicine’s (BUGSDM) school-based oral health programs and 
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compare efforts, outcomes, and sustainability in various cities/towns where they 
are located. We will investigate the differences in programs related to community 
poverty levels as well as other readily available data that could potentially predict 
dental need and public insurance enrollment. Our specific aims are: 
 To compare the services provided by each program, decay outcomes, and 
insurance enrollment between five cities/towns served by BUGSDM’s 
school-based oral health programs 
 To relate untreated dental decay and insurance coverage to the 
percentage of children in a school district participating in the National 
School Lunch Program  
 To investigate additional variables that could potentially predict untreated 
decay rates and enrollment in a public dental insurance program 
Existing data from the 2011-2012 academic year will be used to compare 
differences in students served, untreated decay rates, services offered, and 
insurance status for the five cities/towns served by BUGSDM’s school-based 
oral health programs. Through this effort, we hope to better understand the 
populations served as well as determine which characteristics best predict 
need for a school-based oral health program in a city/town, with need being 
represented by the amount of untreated decay. 
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Dental Caries 
Dental caries affects over 50 percent of 5- to 17-year olds in America, 
making it the most common chronic disease in children, even more so than 
asthma and hay fever (Figure 1) (United States Department of Health and 
Human Services, 2000). Caries is also one of the most costly chronic childhood 
diseases despite the fact that it is preventable. 
 
 
Figure 1. Percentage of children and adolescents age 5 to 17 and the most common chronic 
diseases within this age range. Figure amended from U.S. Department of Health and Human 
Services, Oral Health in America: A Report of the Surgeon General (2000). 
 
Dental caries is caused by bacteria, most commonly Streptococcus 
mutans. Bacteria colonize on the teeth, metabolize the sugar from foods 
ingested, and produce acid which breaks down the enamel surface (Fejerskov, 
1997; United States Department of Health and Human Services, 2000). The 
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breakdown of the enamel can cause a cavity (hole in the tooth) and can 
eventually lead to infection (United States Department of Health and Human 
Services, 2000). Diets high in sugar content, frequent snacking, and poor oral 
hygiene also contribute to dental caries. 
In the state of Massachusetts, it is estimated that over 40 percent of third 
graders have decay experience, with 17 percent being untreated decay. 
Additionally, over 25 percent of kindergarten children have decay experience, 
with over half of the decay being untreated (White, Monopoli, and Souza, 2008). 
 
Disparities 
On the national level, recent analyses show a decline in the number of 
persons affected by dental caries (United States Department of Health and 
Human Services, 2000). However, not everyone has benefitted from this trend. 
Oral health disparities are quite alarming and large gaps between the oral health 
of different ethnic racial groups and different social classes still exist, both in 
Massachusetts and the entire nation. Education level, socioeconomic status, and 
region of the country also have effects on oral health (Chavers, Gilbert, and 
Shelton, 2002; Dye, Li, and Thornton-Evans., 2012; Kim, Baker, Seirawan, and 
Crimmins, 2012; United States Department of Health and Human Services, 
2000). 
 It is estimated that close to 80 percent of dental caries is found in just 20 
to 25 percent of the child population in the U.S. (Kaste et al., 1996; United States 
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General Accounting Office: Health, Education, and Human Services Division, 
2000). Those children affected most are minority children as well as children from 
low-income families. Figure 2 shows the prevalence of untreated caries among 
children and adolescents in 2009-2010 from the Third National Health and 
Nutrition Examination Survey (NHANES). Researchers found in every age group 
that both non-Hispanic blacks and Hispanics had higher rates of untreated dental 
caries than their white counterparts—especially Hispanics, who had higher rates 
of untreated decay in two of the three age groups. This same study found that 
children living 100 percent below FPL had much higher rates of untreated dental 
caries than those living 100 percent above FPL (Dye, Li, and Thorton-Evans, 
2012). 
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Figure 2. Prevalence of untreated dental caries among children and adolescents, by age, race 
and ethnicity, and poverty level: United States, 2009-2010. Figure taken from Dye, Li and 
Thornton-Evans, 2012. 
 
  
In addition to higher rates of untreated dental caries, children from low-
income families and minority groups visit the dentist less than children from 
higher-income families or non-Hispanic white children. The Medical Expenditure 
Panel Survey followed dental care utilization among families from different 
socioeconomic and ethnic backgrounds from 1996 to 2004. In 2004, 30.8 percent 
of children from poor families (living below 100% FPL) received dental care that 
year, compared with 46.5 percent of children from middle income (between 201% 
and 400% of FPL) families and 61.8 percent of children from high income (above 
400% of FPL) families (Edelstein & Chinn, 2009). Additionally, minority children 
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had less visits to the dentist in 2004 than non-Hispanic white children. Thirty-four 
percent of black non-Hispanics and 32.9 percent of Hispanic children obtained 
dental care in 2004 compared with 52.5 percent of non-Hispanic white children 
(Edelstein and Chinn, 2009). Figure 3 displays the increases in the percentage of 
children of various races and ethnicities receiving some form of dental care in 
1996 and 2004. 
 
 
Figure 3. Percentage of U.S. children aged at birth to 21 years with a dental visit in 1996 and 
2004, by race and ethnicity. Figure amended from Edelstein and Chinn, Update on Disparities in 
Oral Health and Access to Dental Care for America’s Children (2009).  
 
Not only do children from minority groups and low-income families have 
higher rates of decay and visit the dentist irregularly, they are also less likely to 
receive preventive dental care, such as dental sealants. Figure 4 displays the 
percentage of children with dental sealants based on age, ethnicity, and family 
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income. The data, which was collected from the same NHANES (2009-2010) 
study discussed previously, shows how minority children, both non-Hispanic 
blacks and Hispanics, are less likely to have dental sealants than white children 
of the same age. In adolescents (13 to 15 years of age), 56 percent of non-
Hispanic whites had dental sealants compared to just 32 percent of non-Hispanic 
black adolescents. Children from low-income families living below 100 percent of 
the FPL are also less likely to have dental sealants than those children from 
families living above 100 percent of the FPL (Dye, Li, and Thornton-Evans, 
2012).  
 
 
Figure 4. Prevalence of dental sealants among children and adolescents, by age, race and 
ethnicity, and poverty level: United States, 2009-2010. Figure taken from Dye, Li, and Thornton-
Evans, 2012. 
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Following national trends, Massachusetts’ underserved children include 
those from low-income families as well as children from minority groups (White, 
Monopoli, and Souza, 2008). Released by the Catalyst Institute in 2008, a study 
documenting oral health status in school-age children living in Massachusetts 
found that overall Hispanic children had higher rates of caries experience, and 
among third graders both non-Hispanic Black children (36%) and Hispanic 
children (26%) had higher rates of untreated decay than non-Hispanic whites 
(11%) (White, Monopoli, and Souza, 2008). Twenty-nine percent of non-Hispanic 
black third graders had dental sealants, compared with 48 percent of non-
Hispanic white third graders in Massachusetts (White, Monopoli, and Souza, 
2008).  
 
School-Based Programs 
High rates of decay, lack of access to care, and the resulting disparities 
are multifactorial. School-based oral health programs are one way to address 
these problems. Schools have been the site of many health-based initiatives for 
years. School-based programs are a specific form of community-based 
intervention programs, and proponents of school-based programs say they offer 
easier access to care in a more familiar environment—essentially, they take 
something needed to those who need it (Wagner, Tubman, and Gil, 2004). 
Schools that have various programs in place typically see a decrease in alcohol 
abuse, violence, teen pregnancy rates, and sedentary lifestyles (Brown, 
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Anderson, Schulte, Sintov, and Frissell, 2005; Harris and Allgood, 2009; Little, 
Wimer, and Weiss, 2008). Additionally, prevention and health promotion 
programs have helped decrease absences and increase graduation rates 
(Murray, Low, Hollis, Cross and Davis, 2007). School-based programs can be for 
the general population or they can focus on more at-risk individuals, depending 
upon the nature of the program and what it is trying to accomplish. In order to be 
effective, a school-based program needs to use its resources efficiently to reach 
a major portion of the target population. 
School-based oral health programs emphasize prevention of dental caries 
and the promotion of good oral health habits, but the idea of providing oral 
healthcare in a school setting is not a new one. In 1980, the Institute of Medicine 
recommended providing preventive dental care in schools (Institute of Medicine 
and National Research Council, 2011). The World Health Organization says that 
―schools can provide a supportive environment … [and] a platform for provision 
of oral health care‖ (―WHO | Important target groups,‖ n.d.). School-based oral 
health programs have been proven effective at lessening oral health disparities 
and improving the oral health status in populations who would otherwise have 
difficulty accessing care (Gooch et al., 2009; Institute of Medicine and National 
Research Council, 2011; Strozer et al., 2010; The Pew Center on the States, 
2013). For example, a study in Ohio comparing schools with and without school-
based oral health programs (specifically dental sealant programs) showed more 
high-risk students from schools with school-based oral health programs had 
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more dental sealants than similar students in schools without school-based oral 
health programs (Centers for Disease Control, 2001). School-based oral health 
programs target several of Healthy People 2020’s objectives, including increased 
dental services for children and adolescents from low-income families, an 
increase in dental screenings, and an increase in children with dental sealants 
(United States Department of Health and Human Services, 2013). 
 
Dental Insurance Coverage 
Grants and other funding are available for school-based oral health efforts 
from a variety of sources (―Alliance of the American Dental Association - AADA 
Foundation,‖ n.d., ―Delta Dental’s Research and Education Fund,‖ n.d., ―Official 
Web site of the U.S. Health Resources & Services Administration,‖ n.d.; CDC, 
n.d.). However, most school-based oral health programs often depend on 
insurance reimbursement for services provided to be sustainable.  
There is a positive correlation between having dental insurance and 
receiving preventive dental care. Unfortunately, children in rural areas as well as 
minority and poor children are less likely to be insured (Liu, Probst, Martin, 
Wang, and Salinas, 2007). Recent surveys find that approximately seventy 
percent of children in the United States have some form of dental insurance, with 
almost thirty percent of those children being insured through public insurance 
programs (Lewis, Mouradian, Slayton, and Williams, 2007).  
 13 
The public insurance program, Medicaid, was created in 1965 through 
Title XIX of the Social Security Act (Centers for Medicare and Medicaid Services, 
2012). Medicaid is a medical assistance program for people with low incomes 
which is funded by both the federal and state governments. The federal poverty 
level (FPL) is used to determine eligibility for Medicaid—in 2011 the FPL was 
$44,700 for a family of four. The U.S. Social Security Administration states the 
following are eligible for Medicaid:  
 limited-income families with children  
 children under age 6 whose family income is at or below 133 
percent of the FPL 
 all children under age 19 in families with incomes at or below the 
FPL 
 pregnant women whose family income is below 133 percent of the 
FPL 
 infants born to Medicaid-eligible women for the first year of life  
 recipients of adoption or foster care assistance; special protected 
groups  
Additionally, there is a list of mandatory benefits that states are required to 
cover under Medicaid called Early and Periodic Screening, Diagnostic, and 
Treatment (EPSDT). Under EPSDT, there are dental services that must be 
provided to children, such as pain and infection relief, restorations, and 
maintaining dental health.  These must be provided if deemed ―medically 
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necessary‖ (―Early and Periodic Screening, Diagnostic, and Treatment | 
Medicaid.gov,‖ 2012). Under EPSDT in Massachusetts, dental providers must 
―assess oral health at each visit … [and] assess the need for fluoride…‖  as well 
as encourage people to visit the dentist on a regular basis and consider dental 
sealant placement as early as 2 to 3 years of age (Commonwealth of 
Massachusetts, 2011).  
In 1997, the Balanced Budget Act oversaw the creation of the Children’s 
Health Insurance Program (CHIP). Now called the State Children’s Health 
Insurance Program (SCHIP), it provides healthcare coverage for poor children 
who do not qualify for Medicaid. In Massachusetts, to qualify for SCHIP, a child 
must come from a family living below 300 percent of the FPL (Social Security 
Administration, 2013). The dental services that are mandatory for SCHIP 
enrollees are similar to those extended to Medicaid recipients (―Children’s Health 
Insurance Program | Medicaid.gov,‖ 2012).  
Despite an increase in Medicaid dental programs, there is a low level of 
dental care utilization among the covered population (Ebersole, D’Souza, 
Gordon, and Fox, 2012). Children enrolled in Medicaid are less likely to have had 
a dental visit in the past year than children with private insurance (Edelstein & 
Chinn, 2009; United States General Accounting Office: Health, Education, and 
Human Services Division, 2000). They are also more likely to have unmet dental 
care then those with private insurance (Liu, Probst, Martin, Wang, and Salinas, 
2007). This suggests that access problems other than cost/payment are 
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influencing use of dental services. School-based oral health programs are one 
way at combating this problem. Because they serve children while attending 
school, there is no need for parents to miss work for dental appointments, a 
common concern for working parents (American Dental Association, 2013). 
The state of Massachusetts’ combined Medicaid and SCHIP plan is known 
as MassHealth. Because school-based oral health programs target low-income 
children, MassHealth is one of the primary insurance systems for reimbursement 
of services provided by these programs in Massachusetts. 
 
National School Lunch Program 
When setting up a school-based oral health program, it is important to 
target populations most in need in order to maximize benefits. An ideal public 
health program is efficient and uses minimal resources while maximizing 
effectiveness (Weintraub and Professor, 2003). The Centers for Disease Control 
recommends that school-based oral health programs target schools with high 
participation in the federal free and reduced-price school lunch program (2011). 
Started in 1946 through the National School Lunch Act, the school lunch 
program is a venture of the United States Department of Agriculture (USDA) to 
provide nutritional yet affordable meals to children in school. The program has 
increased the number of children served from 7.1 million in 1947 to over 31 
million in 2011 (United States Department of Agriculture, 2012). In order to 
receive free school meals, a child must come from a family with an income at or 
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below 130 percent of the FPL. Children from families with incomes between 130 
and 185 percent of the FPL are eligible for reduced-price meals. Children from 
families with incomes above 185 percent of the FPL do no qualify for the program 
and must pay full price (―National School Lunch Program,‖ n.d.). 
Because the percentage of students eligible for free and reduced-price 
lunches in a school or city/town is indicative of poverty level for that population, 
this information is frequently used when selecting locations for school-based oral 
health programs in order to estimate where there is high need for oral health 
services as well as populations for public insurance programs.  
A1987 a study conducted in Tampa, Florida, looked at the prevalence of 
dental caries in third, fourth, and fifth graders, based on eligibility for free and 
reduced-price lunch. In this city without a school-based oral health program, 
participation in the school lunch program was a good predictor of dental caries 
prevalence (Clark, Graves, Webster, and Triol, 1987). 
It has been suggested that school-based oral health programs with limited 
budgets can use their resources most efficiently ―…by first targeting schools with 
the highest percentage of enrollment in [free and reduced price meal 
programs]…‖ then branching out to schools that are less in need (Siegal and 
Detty, 2010).  
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SERVICES PROVIDED BY SCHOOL-BASED ORAL HEALTH PROGRAMS 
The services provided by school-based oral health programs can differ 
according to community need or the agency/group providing services. Some may 
provide education only, others might offer only preventive services, and others 
both prevention and restorative (treatment) procedures.   
 
Education  
An oral health program offering education typically covers basic topics 
such as tooth brushing and flossing, the importance of visiting a dentist, the use 
of fluoride, and nutrition for preventing dental caries. Discussions on 
orthodontics, the importance of mouth guard use during sports, and the link 
between oral and systemic health may also be included depending on target age 
groups. Education can be presented on a class-by-class basis or in a large 
auditorium/gymnasium, depending on school preference. If speaking to older 
grades, more emphasis would be placed on the link between oral health and 
systemic health. Dental professionals, teachers, or other qualified individuals can 
deliver oral health information. Research has indicated that the knowledge 
gained by children through school-based oral health education programs can be 
transferred to siblings and even parents (Croucher, Rodgers, Humpherson, and 
Crush, 1985).  
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Dental Screening and Referral 
School-based oral health programs may also provide dental screenings. 
Screening is a quick way to identify decay or other adverse conditions occurring 
in the mouth (―Dental Screening and Examination - Head Start,‖ n.d.; Windsor-
Essex County Health Unit, 2013). Usually performed by a dental professional, a 
screening is conducted using a mirror and a light to illuminate the oral cavity. The 
goal of screenings is not to replace dental examinations (Culler, 2009). Rather 
screenings provide a means to identify individuals who need referral for further 
diagnosis and possible dental treatment. Referrals can range from a simple note 
sent home with a list of local dentists or clinics where treatment can be obtained 
to a more in-depth case management system that works with individual parents 
to facilitate obtaining treatment needed (Culler, 2009). School dental screenings 
and referrals appear to increase visits to the dentist. One study found that the 
referral increased dental visits from 27.6 percent to 45.5 percent, with a profound 
effect on the lowest social classes (Donaldson and Kinirons, 2001).  
 
Fluoride  
Fluoride is a naturally occurring mineral that strengthens tooth enamel and 
helps prevent decay (Crosta, 2009; United States Department of Health and 
Human Services, 2000a). In addition to education and screenings, school-based 
oral health programs frequently provide topical fluoride applications as a 
preventive measure. The type of fluoride most commonly used in public health 
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programs is fluoride varnish. This type of fluoride is a resin-like gel that is painted 
onto all surfaces of the teeth. Levels of fluoride in the saliva appear to remain 
elevated much longer following the use of fluoride varnish than with other forms, 
making it a cost-effective way to help reduce the number of dental caries in 
children (Eakle, Featherstone, Weintraub, Shain, and Gansky, 2004). Fluoride 
has been shown to stop already formed dental caries from progressing, as well 
as remineralize those particular areas (Hellwig, Altenburger, Attin, Lussi, and 
Buchalla, 2009; Yee et al., 2009; Zhi, Lo, and Lin, 2012).  
 
Dental Sealants 
Many school-based oral health programs focus on applying dental 
sealants which have been shown to reduce decay in teeth by over 50 percent 
(Ahovuo-Saloranta, Hiiri, Nordblad, Mäkelä, and Worthington, 2008). Sealants 
are a thin coating of plastic that is painted onto the chewing surfaces of the 
molars where caries commonly occur; they are then cured (hardened) using a 
special light. Acting as a barrier to food and bacteria in the deep crevices of the 
molars, the sealants prevent caries from forming. While fluoride is most effective 
at preventing caries on the smooth surfaces of teeth, dental sealants are 
effective at protecting the pits and fissures of the occlusal (biting) surfaces of the 
molars (Gooch et al., 2009; Hiiri, Ahovuo-Saloranta, Nordblad, and Mäkelä, 
2010). Dental sealant programs are generally more expensive and labor-
intensive to operate than fluoride-only programs because mobile dental 
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equipment is needed and a trained professional must place the sealants. 
However, it is still a very cost-effective way to prevent dental caries, especially 
when placed in high-risk populations (United States Department of Health and 
Human Services, 2000).  
While fluoride and sealants are effective on their own, they work best 
when combined. Studies show that a combined fluoride and sealant program is 
the most cost-effective way to prevent dental caries in a population (Morgan, 
Crowley, and Wright, 1998; Sakuma, Yoshihara, Miyazaki, and Kobayashi, 2010; 
Sterritt, Frew, Rozier, and Brunelle, 1990). 
 
Comprehensive Programs 
 While many school-based oral health programs focus upon on preventive 
services already mentioned, some offer more comprehensive services, including 
X-rays, prophylaxis (cleaning), and restorations (fillings). All of the school-based 
oral health programs previously mentioned refer patients needing restorative 
treatment to dental practices in the community. However, a recent study of 
school-based oral health programs in several elementary schools found a large 
percentage of children did not seek necessary outside dental treatment (Simmer-
Beck et al., 2011). Comprehensive school-based oral health programs help 
eliminate referral difficulties by bringing restorative services directly to the 
schools. 
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BUGSDM’S SCHOOL-BASED ORAL HEALTH PROGRAMS 
Boston University’s Goldman School of Dental Medicine (BUGSDM) 
operates school-based oral health programs in five communities. Administered 
by the Department of Health Policy & Health Services Research department, 
BUGSDM’s school-based oral health programs serve the cities/towns of Boston, 
Chelsea, Lawrence, Framingham and Natick, Massachusetts. While sharing 
similarities, each program varies slightly. These cities/towns are unique, both 
socially and economically (Table 1), so the needs of the communities vary—each 
program has been adapted to the particular city or town’s needs. The programs 
have also grown and evolved to provide increased amounts of services over 
time. One aim of this project is to evaluate the programs based on the dental 
needs (untreated decay) of students served and the resources available.  
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Table 1. Characteristics of populations in the cities/towns served by BUGSDM’s school-based 
programs. Data from the 2010 United States Census. 
 Boston Chelsea Framingham Lawrence Natick 
Total 
Population
 617,594 35,177 68,318 76,377 33,006 
Median 
Household 
Income ($)
 
51,739 43,155 66,047 31,478 90,046 
% Below 
FPL
 21.4 23.3 9.1 28.6 3.9 
% Adults w/ 
HS Diploma 
or Higher
 
84.2 65.3 89.9 64.7 96.2 
% Foreign 
Born
 27.1 44.1 26.1 36.1 13.4 
% Not 
Speaking 
English at 
Home
 
36.1 67.8 35.0 74.6 15.7 
% Non-White
 
46.1 52.2 28.1 57.2 12.7 
% AA or 
Black
 26.5 8.5 6.9 7.6 2.7 
% Hispanic 
or Latino
 17.5 62.1 13.4 73.8 3.0 
 
 
 
 
Framingham, Natick, and Lawrence 
Three of BUGSDM’s school-based oral health programs are located in the 
cities/towns of Framingham, Natick, and Lawrence. These prevention programs 
serve a total of 33 schools combined, providing oral health education, dental 
screenings and referrals, fluoride varnish treatments, and dental sealants if 
needed. These programs refer students needing treatment to dentists located 
within their communities.  
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Boston 
BUGSDM’s school-based oral health program in Boston is the largest of 
the programs, serving 28 schools in the city. It is a partnership between 
BUGSDM, Tufts University School of Dental Medicine, and Commonwealth 
Mobile Oral Health Services (CMOHS). Called Smart Smiles, this program 
provides the preventive services mentioned earlier as well as dental prophylaxis 
(cleaning), X-rays and restorations if needed. Dental professionals from Tufts 
and BU provide the oral health education, dental screenings, fluoride varnish 
treatments, dental cleanings, and dental sealants, while dental professionals 
from CMOHS provide exams, X-rays, and restorative treatment.  
 
Chelsea 
The school-based oral health program in Chelsea offers preventive 
services in five schools and restorative services in a centrally located full-service 
dental clinic called the Chelsea School Dental Center (CSDC). The Chelsea 
program is BUGSDM’s oldest school-based program. Oral health education and 
dental screenings began in 1992. The program expanded to include fluoride 
varnish treatments and dental sealants in 2001, with the CSDC opening in 2003. 
The clinic is open to students of all ages in the Chelsea Public Schools, 
regardless of ability to pay. This on-site clinic is the major difference between the 
BUGSDM school-based oral health program in Chelsea and the other four 
programs. 
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METHODS 
 Because BUGSDM’s school-based oral health programs operate in five 
separate communities and were initiated at different times, we have the 
opportunity to compare and contrast each program. It is also important to 
recognize that the majority of those receiving care from these oral health school-
based programs are eligible for MassHealth so a majority of reimbursement for 
services rendered comes from this government-sponsored insurance.  
Two sources of data were used in this project. The first was the school-
based program treatment records. Each program dentist keeps a record of 
services provided to all participating children. Records contain first and last 
name, date of birth, results from the oral screening (existing restorations and 
decay), fluoride application, sealant placement, as well as the level of treatment 
needed following the preventive services provided. Each child is assigned a 
referral code after the oral screening—this referral code refers to the amount of 
decay and the level/urgency of treatment needed in four levels as follows:  
 no decay, routine preventive care recommended 
 small decay present; less than five decayed surfaces  
 large decay present; five or more decayed surfaces 
 pain and/or infection present 
The second type source of data was the data set created through the 
Salud® billing system of BUGSDM. This data includes first and last name, date 
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of service, and services provided for each student served through school-based 
programs. Both sets of data were limited to the 2011-2012 academic year. 
 
Data Preparation 
Each BUGSDM school-based program data is kept in a separate Microsoft 
Excel® spreadsheet. These files were standardized and merged into one data 
set for this project. Each program’s spreadsheet contained the variables 
mentioned above for each student while some included additional variables 
relevant to the individual school or city/town served. Only mutual categories were 
retained. These were: city/town, school, first and last name, date of birth, grade, 
gender, self-reported dental insurance status, the service date, number of 
decayed teeth, and screening referral code. 
 Next, the data was cleaned. Birthdates and service dates, which were 
incorrect due to human error during entry (for example, not in date format), were 
corrected as were dates that were clearly out of range. Dates identified as out of 
range were services dates that were not within the 2011-2012 academic year, or 
birthdates that would make the child an age that was not likely for the indicated 
grade level. The correct dates were found in the original program files and 
corrected in the data set. There was also a thorough check to make sure the 
number of decayed surfaces recorded during the screening matched up with the 
correct referral code. If not, the referral codes were corrected.  
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 As mentioned earlier, each child is assigned a referral code based on the 
results from the oral screening. The referral codes indicating ―large decay‖ and 
―pain and/or infection‖ were merged for this project because both indicate an 
urgent need for dental services.    
Each child must have their parents sign a consent form before 
participating in a school-based program. Parents are asked to report the type of 
dental insurance the child has. Each insurance listed by the parent was reviewed 
to determine if it was private insurance or publically-funded insurance. A new 
variable was created with all types of private insurances categorized as ―Private‖ 
for insurance status and all public insurance varieties (for example, Network 
Health Plan and Neighborhood Health Plan) were categorized as public 
(MassHealth). Some parents reported having dental insurance but did not specify 
which type of insurance program. These were categorized as ―Has 
Insurance/Type Unknown).  
In addition to insurance status, decay was made a categorical (yes/no) 
variable, with the existence of any decay being a ―yes‖ and no amount of decay 
being a ―no‖. 
After preparing the BUGSDM data, information and statistics about the 
towns served were obtained from the 2010 United States Census using the 
American FactFinder website (Bureau, n.d.). For each of the five cities/towns 
served, relevant variables related to oral health disparities were collected 
including: total population, the percentage of adults with a high school diploma or 
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higher, the percentage of people who are foreign born, the percentage of 
households not speaking English at home, the percentage of non-whites, the 
percentage of African-Americans/blacks, the percentage of Hispanics/Latinos, 
and the percentage of people living below the FPL. The percentage of students 
eligible for the National School Lunch program in the schools districts of the 
cities/towns served was obtained from the Massachusetts Department of 
Education’s website (Massachusetts Department of Elementary and Secondary 
Education, 2012). 
From the Salud® billing data set, the total number of patients served by 
the school-based programs who were enrolled in MassHealth on the date of 
service was obtained in total and by city/town. 
  
Analysis 
 Epi Info®, a software program made available by the CDC, was used for 
statistical analysis. Counts and percentages were calculated for the categorical 
variables (any decay, insurance status, oral health status, MassHealth 
enrollment) and range and means were calculated for the continuous variables 
(students served) and reported as totals and stratified by city/town. Chi-square 
was used to test differences in the percentage of children with any decay and 
serious decay, pain and/or infection by city/town. Chi-square was also used to 
compare percentages of students with public and private insurance by city/town. 
In all cases p < 0.05 was considered significant. 
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 Simple linear regression was used to test the correlation between both the 
percentage of children with decay and the percentage of children enrolled in 
MassHealth on the date of service and the percentage of students enrolled in the 
school lunch program in the five cities/towns. These calculations were repeated 
using additional city/town characteristics related to race/ethnicity, education, and 
income noted in the literature to be related to oral health disparities.   
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RESULTS 
One aim of this study was to compare the services provided by each 
program, decay outcomes, and insurance enrollment between the five 
cities/towns served by BUGSDM’s school-based oral health programs. For the 
2011-2012 academic year, these programs provided dental services to a total of 
4,498 public school students (Figure 5). BUGSDM’s school-based oral health 
program in Boston served 1,384 during the 2011-2012 academic year. This was 
the largest program, followed closely by the program in Chelsea, which served 
1,318 students. The program in Natick was the smallest, serving 119 students. 
 
 
Figure 5. Number of children served by BUGSDM’s school-based oral health programs by 
city/town for the 2011-2012 academic year. 
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Combined, the programs in Boston and Chelsea served 60 percent of all 
students receiving preventive dental care from BUGSDM’s school-based oral 
health programs. The program in Natick served 3 percent of all students and the 
program in Framingham served 14 percent of all students served for the 2011-
2012 academic year (Figure 6). 
 
 
Figure 6. Percentage of students served by BUGSDM’s school-based oral health programs by 
city/town for the 2011-2012 academic year. 
  
With all five cities/towns combined, BUGSDM’s school-based programs served 
58 schools, with number of students served in each school ranging from 4 to 457. 
The average (mean) number of students served per school was 78, and the 
mode was 37. Each individual program’s range and mean can be seen in Table 
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2. The five programs are quite different due to population size, number of 
schools, and children served. The cities/towns served vary by population 
characteristics such as income, education, race/ethnicity, and need for dental 
services. 
 
Table 2. Schools and students served by BUGSDM’s school-based oral health programs by 
city/town for the 2011-2012 academic year.   
 
Total # 
Schools 
Total # Students 
Served 
Range of the # 
Students Served Per 
School 
Mean # 
Students Served 
Per School 
Boston 29 1385 4 to 132 47 
Chelsea 5 1573 163 to 457 262 
Framingham 8 736 12 to 148 74 
Lawrence 11 1076 29 to 302 90 
Natick 5 119 8 to 34 24 
 
 
Decay 
 Thirty-seven percent of the children served by BUGSDM school-based 
programs had untreated decay. Of these, nine percent had serious decay, pain 
and/or infection (Figure 7). The percentage of children in each town who had 
untreated decay ranged from 23.5 percent in Natick to 41.9 percent in Chelsea 
(Figure 8). Using a chi-square test, the difference in the percent of children with 
decay by city/town was statistically significant (X2 = 52.48, p < 0.000). 
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Figure 7. Oral health status of all children served by BUGSDM’s school-based oral health 
programs for the 2011-2012 academic year. 
 
 
 
Figure 8. Percentage of students served by BUGSDM’s school-based oral health programs with 
any untreated decay by city/town for the 2011-2012 academic year. 
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The percentage of children with serious decay, pain and/or infection also 
varied by city/town (Figure 9). In Framingham and Natick, no children had large 
decay, pain and/or infection. Chelsea had the highest percent of children with 
serious decay, pain and/or infection at close to four percent. Using a chi-square 
test, the difference in the percent of children with serious decay, pain and/or 
infection by city/town was also statistically significant (X2 = 41.53, p < 0.000). 
 
 
Figure 9. Oral health status of the children served by BUGSDM’s school-based programs by 
city/town for the 2011-2012 academic year.   
 
Insurance Status 
Parents were asked to indicate type of insurance coverage for their child 
when completing consent for the BUGSDM school-based oral health programs. 
Of the total number of students served during the 2011-2012 academic year, 
over 3,000 self-reported MassHealth dental insurance enrollment. This was the 
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largest percentage (64%) of insurance type seen by BUGSDM’s school-based 
programs, followed by private insurance (13%). Twelve percent of parents did not 
report insurance status (Figure 10).  
 
 
Figure10. Percentages of parental self-reported insurance types for all BUGSDM school-based 
oral health programs for the 2011-2012 academic year. 
 
Insurance coverage varied by city/town. Over 80 percent of Lawrence 
students self-reported enrollment in MassHealth. Chelsea was similar with 73 
percent of students self-reporting MassHealth enrollment. In the Boston program, 
slightly more than 45 percent of the students served self-reported MassHealth 
enrollment. The school-based program in Natick had the largest percentage of its 
students self-reporting private dental insurance coverage at 48 percent, while 
Lawrence school-based program had the smallest percentage (6.8%) of self-
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reported private insurance status (Figure 11). Using a chi-square test, the 
percentage of students with self-reported public or private insurance (n = 3448) 
status varied significantly by city/town (X2 = 244.29, p < 0.000). 
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In the Boston program, 40 percent of parents did not indicate type of 
dental insurance for their child. The consent form for the Boston Smart Smiles 
program is different from the other BUGSDM school-based programs in that it is 
tri-fold. The insurance question is located on the back and easily missed.  
Students with self-reported coverage by MassHealth were not always 
actually enrolled in MassHealth on the date of service. In most programs, actual 
enrollment in MassHealth was less than self-reported MassHealth coverage. 
However, in Boston the number self-reporting enrollment in MassHealth was less 
than the number actually enrolled on the service date (Figure 12). This is likely 
due to the large number not reporting insurance status in Boston as described 
above. 
 
 
Figure 12. Percentage of children enrolled in BUGSDM’s school-based oral health programs self-
reporting MassHealth coverage and percent enrolled in MassHealth on the date of service by 
city/town for the 2011-2012 academic year. 
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National School Lunch Program Participation 
The second aim of this project was to relate the percentage of untreated 
dental decay and public insurance enrollment for the children participating in the 
BUGSDM school-based oral health programs to the percentage of children in 
each city/town’s school district participating in the National School Lunch 
Program. As stated earlier, when planning school-based oral health programs 
where health data is not available, National School Lunch Program participation 
is frequently used to estimate the poverty level of student populations and 
therefore high risk of dental decay and lack of access to care. Using oral health 
outcomes from BUGSDM’s school-based programs for the 2011-2012 academic 
year, we were able to analyze the relationship between the percentage of 
children with free and reduced-price school lunch eligibility and the percentage of 
children with untreated decay.  
Figure 13 shows the upward trend between the percentage of students 
participating in the national school lunch program in a city/town and the 
percentage of students with any untreated decay. In the BUGSDM school-based 
oral health programs, Natick had the lowest percentage of children eligible for the 
national school lunch program (8.9%) and also had the lowest percentage of 
children with untreated decay (24%). The program in Chelsea had the greatest 
percentage of students enrolled in the free and reduced-price lunch program 
(89%) as well as the highest percentage (42%) of students with untreated decay. 
Boston results deviated from a consistent trend with a greater percentage of 
 39 
students with untreated decay than Lawrence, but fewer students eligible for the 
school lunch program. 
 
 
Figure 13. Percentage of students enrolled in BUGSDM’s school-based oral health programs 
with any decay and percentage of students participating in the National School Lunch Program by 
city/town for the 2011-2012 academic year. 
  
Using simple unadjusted linear regression, the percentage of decay in the 
five cities/towns served by BUGSDM’s school-based oral health programs was 
positively correlated with the percentage of students enrolled the school lunch 
program in these cities/towns. This relationship was borderline statistically 
significant at p = 0.026. The R2 coefficient, R2 = 0.86, indicates that 86 percent of 
the variation in decay in the cities/towns served by BUGSDM were explained by 
differences in school lunch participation by city/town. 
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 As stated earlier, school-based oral health programs often depend upon 
reimbursement from public insurance for services provided in order to remain 
sustainable. Since school lunch program participation is used to help determine 
where to locate school-based oral health programs in order to reach children at 
high risk for dental decay, we wanted to determine if it could also be used to 
estimate enrollment in MassHealth for a potential population.  
 Figure 14 shows the upward trend between the percentage of students 
participating in the national school lunch program in a city/town and the 
percentage of students enrolled in MassHealth on the date of service. In this 
case, Boston and Lawrence deviated from a consistent trend. Both had lower 
percentages of children enrolled in the lunch program than Chelsea, but higher 
percentages of students enrolled in MassHealth. 
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Figure 14. Percentage of students enrolled in MassHealth on the date of service participating in 
BUGSDM’s school-based oral health programs and percentage of students participating in the 
National School Lunch Program by city/town for the 2011-2012 academic year. 
 
Using simple unadjusted linear regression, the percentage of students 
enrolled in MassHealth on the date of service in the five cities/towns served by 
BUGSDM was positively correlated with the percentage of students enrolled in 
the school lunch program in each city/town. This relationship was statistically 
significant at p = 0.015. The R2 coefficient, R2  = 0.91, indicates that 91 percent 
of the variation in MassHealth enrollment was predicted by free and reduced-
price school lunch participation. This close correlation was expected because 
eligibility for free and reduced lunch program and eligibility for MassHealth dental 
insurance are both determined based upon the FPL.  
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Additional Indicators of City/Town Characteristics 
 The final goal of this project was to investigate additional readily available 
city/town-level variables, aside from national school lunch program participation, 
that could potentially predict high need for dental care to aid in selecting locations 
in which to offer school-based oral health services. Likewise, we wanted to 
investigate these same city/town-level variables and how well each of the 
variables predicted enrollment in MassHealth dental insurance. 
 Table 3 displays city/town census variables that have been reported in the 
literature to be related to oral health disparities and their correlation to the 
percentage of students with untreated decay in each city/town. Besides lunch 
program eligibility, the percentage of non-whites in a community was highly 
correlated with percentage of untreated decay (p = 0.031). For this relationship, 
the R2 coefficient (R2 = 0.83) indicated that 83 percent of the variation in 
untreated decay was predicted by the variation in percentage of non-whites 
between cities/towns. Other variables tested were less correlated with untreated 
decay (R2 between 0.37 and 0.54). Non-white race was almost equally as 
correlated with untreated decay as the percentage of children enrolled in the 
national school lunch program. The variable least correlated with untreated 
decay was the percentage of Hispanics in a city/town, predicting only 37 percent 
of the variation in the percentage of students with untreated decay. 
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Table 3. Correlation of city/town census variables with untreated decay, 2011-2012 academic 
year (n = 5). 
Percent of Population … R-squared 
Beta 
Estimate 
p-Value 
Eligible for Lunch Program 0.86 0.206 0.026 
Non-White Race 0.83 0.375 0.031 
Hispanic Ethnicity 0.37 0.146 0.157 
Foreign Born 0.54 0.483 0.101 
Non-Native English Speaker 0.54 0.483 0.101 
Did Not Graduate High School 0.52 0.382 0.106 
  
 
Table 4 displays the city/town-level census variables tested and their 
correlation with the percentage of children with MassHealth enrollment in each 
city/town. Unlike with untreated decay discussed previously, the percent of 
children enrolled in the national school lunch program did not have the greatest 
correlation with MassHealth enrollment. The percentage of children with school 
lunch participation was correlated with MassHealth enrollment at R2 = 0.91; 
however, the percentage of non-whites in the city/town population had a greater 
correlation with percentage of students enrolled in MassHealth with R2 = 0.93 (p 
= 0.013). The variable least correlated with percent of MassHealth enrollment 
was percentage of non-native English speakers in a city/town.  
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Table 4. Correlation of city/town census variables with MassHealth enrollment, 2011-2012 
academic year (n = 5).  
Percent of Population … R-squared 
Beta 
Estimate 
p-Value 
Eligible for Lunch Program 0.91 0.610 0.015 
Non-White Race 0.93 1.132 0.013 
Hispanic Ethnicity 0.61 0.687 0.083 
Foreign Born 0.64 1.507 0.074 
Non-Native English Speaker 0.48 0.475 0.119 
Did Not Graduate High School 0.61 1.178 0.082 
 
 
When comparing Table 3 and Table 4, all but one of the city/town-level 
census variables (percentage of non-native English speakers) was more highly 
correlated with the percentage of students enrolled in MassHealth than with the 
percentage of students having untreated decay. Of the six variables tested, the 
percentage of children participating in the school lunch program and the 
percentage of non-whites in a city/town were the most highly correlated with the 
percentage of students enrolled in MassHealth and the percentage of students 
with untreated decay.  
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DISCUSSION 
 All of the populations served by the BUGSDM school-based oral health 
programs—Boston, Chelsea, Framingham, Lawrence, and Natick—have different 
economic and social characteristics thus providing the opportunity to analyze 
dental need and sustainability of school-based oral health programs multiple 
situations. 
 Through this project, we confirmed previous reports that the percentage of 
children in a community’s schools that are enrolled in the school lunch program 
can be used to predict expected rates of untreated decay in a city/town. In this 
population, the percentage of the population of a city/town that is non-white can 
also be used to accurately estimate expected levels of untreated decay in a 
school population. We also showed that, in this population, school lunch program 
participation is a good indicator of the percentage of children in a school who are 
likely to be enrolled in Medicaid/MassHealth. Our analysis revealed that, again, 
the percentage of the population that is non-white is an additionally readily 
available city/town-level variable that can also be used for estimating enrollment 
in Medicaid/MassHealth.          
 Considering that both MassHealth and the school lunch program are 
based on a family’s income in relation to the federal poverty level, it is interesting 
that the percentage of children receiving free and reduced-price school lunches 
is not perfectly correlated with MassHealth enrollment.  One reason for this result 
could be that we compared the percentage of lunch participation for the entire 
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population of school children in each city/town with the percentage of 
MassHealth enrollment for only the children who actually participated in 
BUGSDM’s school-based oral health programs. It is likely that poor students 
attending the schools we serve are more likely to participate in our programs 
than are non-poor students. In future studies, it would be ideal to know the school 
lunch status of each child enrolled in the school-based oral health programs, thus 
providing a more precise analysis.                
 Our results revealed that Boston is unlike the other cities served by the 
BUGSDM school-based oral health programs. The population of Boston is more 
varied than in the smaller cities/towns investigated. For example, the Boston 
population contains many young professionals who may have no children and 
relatively higher incomes. While these individuals were included in the census 
data variables used in our analyses, they do not reflect the populations seen in 
the schools served by the Boston school-based oral health program. A way to 
strengthen this study would be to analyze Boston separately and stratify by its 
many (20+) neighborhoods to better reflect the population of school children.  
 Lastly, while our data showed that school lunch participation was a good 
indicator of need (untreated decay) and the possibility for insurance enrollment 
among children served, it is important to remember that BUGSDM’s school-
based oral health programs have been serving these cities/towns for many years. 
Therefore our analyses are not generalizable to locations that do not yet have 
school-based oral health programs with regard to untreated decay. Populations 
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of school children without access to school-based oral health programs may 
have greater amounts of untreated decay. Or, by contrast, the participants in our 
programs may be self-selecting—those with poor oral health are signing up for 
our programs while children with good oral health are not. 
 While we know the rate of private insurance and public insurance amongst 
students using the school-based oral health programs, we do not have that 
information for the entire population of school children. Students with public 
insurance are most likely participating in the school-based oral health programs 
at greater rates than those with private insurance who are more likely to have 
their own dentist in the community.        
 Despite its limitations, this project has indicated that the percentage of 
students participating in the National School Lunch Program in a city/town is an 
accurate and useful tool to use when estimating the need for a school-based oral 
health program in a city/town and the percentage of students that can be 
expected to be publically insured. Oral health needs and potential program 
sustainability can also be estimated accurately by using the percentage of non-
whites in a community.  
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